Background: Cloud-connected diabetes applications enable health care professionals (HCPs) to monitor patient progress and offer the potential for remote consultations. OneTouch Reveal (OTR) is a cloud-based web application that aggregates data from blood glucose (BG) meters or insulin pumps and provides analytics to help patients and HCPs make more informed treatment and lifestyle decisions. This study assessed the experience of patients using OTR and the OneTouch Verio (OTV) BG meter and determined the extent of changes in glycemic control. Methods: Subjects with T1DM (23) or T2DM (17) uploaded BG meter results to OTR for 12 weeks. HCPs remotely reviewed progress using OTR and delivered telephone consultations at 4 and 8 weeks based on OTR insights. Results: After 12 weeks, mean HbA1c decreased by 0.4% (P < .001) and 25% of subjects had a reduction of ≥1.0%. Reduction in HbA1c was similar in subjects with T1DM and T2DM, although subjects with T1DM started with higher baselines. In subjects with T2DM, mean BG decreased significantly from 175 to 161 mg/dl (P < .001) with the percentage of above-range BG results decreasing from 33% to 24%. 80% of subjects confirmed OTR detected out-of-range glucose patterns and 84% of these subjects were able to correct the underlying pattern to get BG back in-range. Conclusions: OTR web application in combination with the OTV meter helped subjects with T1DM and T2DM effectively manage their diabetes and was associated with improved BG control over 12 weeks. Real-time visibility to subject data may help HCPs deliver focused and effective remote consultations.
Mobile health technologies offer great potential for flexible and cost-effective delivery of diabetes care. Remote monitoring of data by patients and health care professionals (HCP) may be particularly beneficial for diabetes management that requires intensive monitoring and behavioral adjustment. 1, 2 Baron et al 3 reviewed the clinical effectiveness of mobile health interventions in which patients transmit diabetesrelated information to their HCP and found improved HbA1c even in studies without direct HCP feedback, suggesting HCP feedback might not always be necessary for success. Nevertheless, knowing their glycemic progress was visible and accessible to their HCPs was considered an incentive for patients' adherence to their regimen. 3 Furthermore, exchanging specific insights and gaining feedback from the HCP was seen as an effective incentive to engage and help patients identify relationships between their lifestyle and blood glucose (BG) patterns. In support of this, it has been reported that regular review of BG data provides the opportunity for patients and HCPs to identify clinically meaningful trends or patterns that may allow appropriate therapeutic decisions to be made. 4 In a study by Janssen et al, 5 patients using diabetes management software (GLUCOFACTS®) providing both text and graphic presentations from uploaded BG data had significantly lower HbA1c levels of 0.4% over 12 months compared to the control group. Tildesley et al 6 assessed the value of an Internet-based system that enabled the HCP to provide feedback remotely between scheduled visits. Improvements in HbA1c were noted in the intervention group after 6 months. Studies evaluating the utility of the WellDoc™ management system across 26 primary care sites involving 163 T2DM subjects showed a mean decline in HbA1c of 1.2% over 12 months in the intervention group compared with usual care, 7, 8 demonstrating a combination of a mobile and web-based HCP application improved HbA1c.
The OneTouch Reveal® (OTR) web application allows patients and HCPs to track progress and changes in glycemic control to support both self-management and therapy decisions by summarizing BG or insulin data, displaying colorcoded trends or low or high BG patterns. OTR also provides online educational tips and enables patients to share their diabetes information with their HCP in real time between scheduled visits or use OTR to review progress during faceto-face consultations. This study focused on gathering experiences of patients using OTR in combination with the OneTouch Verio® (OTV) meter and evaluated changes in glycemic control and diabetes management when patients and HCPs shared progress remotely over time.
Methods
This single arm, open label study was conducted at 2 National Health Service (NHS) clinics in Scotland, UK (Highland Diabetes Institute, Inverness, and Royal Infirmary, Edinburgh) with ethics approval. Diabetes specialist nurses recruited subjects already referred to the hospitals for ongoing diabetes care. Subjects provided written informed consent prior to initiation. Subjects were between 18 and 70 years of age, diagnosed with T1DM or T2DM for ≥ 3 months with a current HbA1c of ≤ 11%, currently performing self-monitoring of blood glucose (SMBG) and had a home computer (PC) with Internet access. The OTV meter features a novel color range indicator (CRI) that identifies whether the patient's current BG result is low (blue), in-range (green), or high (red) based on range limits set in the meter. The default range is 70-180 mg/dl but can be customized by the subject and/or HCP. OTR automatically identifies high and low glucose patterns from SMBG data. A high pattern is identified when 3 high BG results (above the in-range limit) occur in the same 3-hour timeframe over the preceding 5 days. A low pattern is detected when 2 low BG results (below in-range limit) occur in the same 3-hour timeframe over the preceding 5 days.
Visit 1 (Screening). Visit 1 was performed 1 week before baseline and included informed consent, collection of demographic, medical history information and evaluation of inclusion and exclusion criteria. Subjects received instruction on how to set up the OTR web application online and how to upload BG results or insulin pump data using software cables. Subject SMBG data uploaded to the web application was immediately available for HCPs to view on-line. Subjects also received a short explanation of the OTV meter.
Visit 2 (Baseline). At Visit 2, the HCP set appropriate identical glucose range targets on both the OTV meter and OTR to ensure consistent color range indication and glucose pattern identification.
Home activities. Subjects were asked to perform ≥ 2 SMBG tests per day, upload their BG data from OTV to OTR every 2 weeks and review their 14-day OTR summary report every 2 weeks to enable insight and education ( Figure 1 ). Subjects were encouraged to add context (e.g., meal tagging, insulin dosage or lifestyle notes) to OTR to enrich the uploaded SMBG data.
Telephone consultations. After 4 and 8 weeks, HCPs had a telephone consultation with each subject to review OTR data and provide specific therapy (eg, insulin adjustment) or lifestyle recommendations based on their remote review of SMBG trends, patterns and analysis within OTR. Visit 3. After 12 weeks, subjects returned to the clinic for a final HbA1c determination. Subjects also completed paper acceptance surveys for OTR and the OTV meter.
Statistical Analyses
Continuous demographic variables were described as median and range (minimum to maximum) or mean and standard deviation (SD). Categorical demographic variables were described as percentages within categories. Correlations 
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Subjects
Baseline characteristics of the 40 subjects are shown in Table 1 . The mean age of subjects was 49.3 years with a mean duration of SMBG use of 13.4 years. In all, 85% of subjects reported they currently performed SMBG at least 1-2 times per day, and 50% of the subjects were currently on insulin therapy alone (2 on insulin pump), 22.5% on insulin and antihyperglycemic agents (AHA) and 27.5% on AHA alone. The mean HbA1c across all 40 subjects was 8.3%; 8.6% in the 23 subjects with T1DM and 7.9% in the 17 subjects with T2DM. In surveys to understand prior experience with mobile technology/software 70% of subjects responded that their current HCP had never used diabetes software to download their SMBG data; 81% had never used diabetes software; and 68% had no diabetes applications on their smartphone.
Changes in Glycemic Control
After 12 weeks, mean HbA1c across all 40 subjects decreased by 0.4% from 8.3% to 7.9% (P = .001 paired t test) ( Table 2) . Statistically significant reductions in HbA1c were observed in the 23 subjects with T1DM ( Table 2 ). Similar changes in HbA1c were seen in the cohort of 17 subjects with T2DM, although not statistically significant ( Table 2 ). In all, 25% and 40% of subjects had HbA1c reductions of ≥1.0% or ≥0.5%, respectively. Overall, HbA1c improvement was observed in 29 subjects with a mean HbA1c improvement of 0.7% (0.5%, SD) ( Figure 2 ). HbA1c increased in 8 subjects and was unchanged in 3 subjects ( Figure 2 ). There was no correlation between changes in HbA1c and duration of diabetes, baseline HbA1c, SMBG or treatment therapy. On average, the percentage of inrange BG results across all 40 subjects increased over the last 2 weeks compared with the first 2 weeks, with mean BG decreasing from 175 to 161 mg/dl (P < .001). In subjects with T2DM, the percentage of high BG results decreased from 33% to 24% (P = .002) and in-range BG results increased from 66% to 75% (P = .001). In subjects with T1DM, high BG results also decreased and in-range BG results also increased, but these changes were not statistically significant.
SMBG Uploads
Subjects were asked per protocol to upload SMBG data at least once every 2 weeks. Subjects performed a median of 10 downloads during the 12-week study, almost double the minimum number requested per protocol. There was no significant difference between the median number of uploads performed by subjects with T1DM compared to subjects with T2DM. The frequency of uploads to OTR did not change over 12 weeks.
Glycemic Ranges and Blood Glucose Patterns
In all, 40% of subjects personalized their BG range settings with the remaining 60% accepting the default range (70 to180 mg/dl). Over 12 weeks, 695 high BG patterns (538 in T1DM and 157 in T2DM subjects) and 116 low BG patterns (114 in T1DM and 2 in T2DM subjects) were detected. This translated into approximately 2.1 and 0.8 high BG patterns per subject per week in T1DM and T2DM subjects, respectively. During phone consultations, 80% of subjects confirmed that the OTR web application detected out-of-range glucose patterns, with 84% of these subjects reporting that they were able to correct the underlying glucose pattern to get their BG back in-range.
Therapeutic Adjustments Based on Telephone Consultations
Therapeutic adjustments by the subjects could be advised by their HCP during telephone consultations at 4 and 8 weeks or by the subjects anytime during the study. Based on OTR information, adjustments to insulin dose or timing represented 41% of all adjustments, whether advised by the HCP or taken by subjects themselves. Changes in diet/lifestyle only (11%), diet/lifestyle plus insulin (9%), medication (6%), and SMBG (3%) were also noted. HCPs decided no adjustment was required in 30% of phone consultations, 11% of the time because OTR indicated that the subjects' SMBG data was generally within range.
Subject Perceptions of OTV and OTR
Surveys designed to explore perceptions of the OTR web application showed that 83% of all subjects felt more secure knowing they had easy access anywhere to all their diabetes information; helped them consider the choices they made; helped them see the big picture; motivated them to stick to their plan; and would recommend the application to other people with diabetes (Table 3 ). In those subjects expressing a preference, 97% said OTR motivated them to make progress (Table 4 ).
Discussion
Improving glycemic control is challenging both for patients and HCPs, especially when time for office visits is limited. [9] [10] [11] Tools that facilitate rapid evaluation of SMBG data by patients or HCPs, either remotely or during shorter office visits, may lead to more efficient clinical decisions. We found that the OTR web application used in combination with the OTV meter was associated with a significant reduction in HbA1c after 12 weeks in subjects with T1 and T2DM. The clinically meaningful reduction in HbA1c observed was noteworthy during such a short intervention and may reflect the value of using remote consultations in combination with OTR and OTV. This connected system is intended to enhance the specificity and quality of conversations between patients and HCPs and increase engagement of the patient in lifestyle and other behavioral changes which could improve their diabetes. The results observed are consistent with evidence from systematic reviews and meta-analysis which show that mobile health interventions can effectively reduce HbA1c 3, 12 and are equally, if not more effective in T2DM patients. 13 The subjects in the current study had wide ranging baseline HbA1c values; and 6 subjects (15%) presented with good glycemic control (HbA1c, 5.7-6.9%). We deliberatively did not use a lower limit HbA1c as an exclusion criterion to help determine if usage of OTR and OTV could be associated with improved glycemic control in subjects with "normal" baseline HbA1c. Despite being considered in control at baseline, 4 of these 6 subjects further reduced their HbA1c after 12 weeks.
The T1D exchange 14 previously reported a strong association between SMBG testing frequency and the ability to decrease HbA1c. SMBG frequency per subject did not change over time in our study, although it is possible that individual 
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Favorable responses are defined as a response of "strongly agree" or "agree" on a 5-point scale (5 = "strongly agree," 4 = "agree," 3 = "neither agree nor disagree," 2 = "disagree," and 1 = "strongly disagree").
SMBG frequency was higher during the study as compared to self-reported baseline SMBG frequencies.
The primary goal of OTR is in accordance with the observation by Schnell 15 that SMBG enables individuals to safely manage their condition, detect hyper-and hypoglycemia, and generate information to support adjustment of medication, diet or activity. Despite this many patients do not readily perform SMBG or utilize data to make adjustments unless they suspected hypo-or hyperglycemia symptoms. 16 Using our Internet-based solution, 80% of subjects confirmed that OTR enabled them to visualize low or high BG patterns with 84% of these subjects stating OTR allowed them to self-correct and get results back in-range. Although the ability to enable independent action is an important factor in improving glycemic control, appropriate HCP oversight remains essential. OTR is designed to enable patients and HCPs to easily discover trends and patterns in patient BG and promote appropriate decision-making. OTR assisted the HCP to arrive at therapeutic recommendations remotely and provide feedback to subjects.
The use of simple and consistent color-coded displays to help subjects and HCPs visualize glucose trends and identify specific low or high BG patterns may contribute to achieving more in-range BG results and subsequent decreases in HbA1c. 17, 18 Patients find BG targets motivational, enabling them to identify problems with control and prompting them to make independent or assisted insulin dose adjustments. 19 We previously demonstrated that patients struggle to comprehend whether individual glucose values are low, in-range, or high 20 but can significantly improve their ability to classify and interpret values after a short exposure to a meterbased color range indicator. In the current study, use of OTR in T2DM subjects was associated with a significant increase in the percentage of in-range BG values and a decrease in mean BG suggesting that therapy adjustments or behavioral changes translated to tighter glycemic control. In subjects with T1DM similar results were observed, but did not reach significance perhaps due to wider within-and between-subject glycemic fluctuations. A methodological change, such as mandating bimonthly 5-point profiles or structured testing may have enabled clearer trends to emerge.
Most patients continue to rely on their HCP to review SMBG data and determine appropriate actions during their limited number of traditional face-to-face visits. In our study, the ability of each HCP to remotely review data in real time between scheduled visits and offer phone consultations had the advantage of accelerating decision-making, perhaps contributing to the improved HbA1c and SMBG trends. This is consistent with the view of Blevins, 21 who postulated that new mobile health technologies can facilitate improved patient-to-HCP communication that could lead to optimized glycemic control through more timely review and effective use of SMBG data. Subjects demonstrated strong engagement by uploading SMBG data to OTR on average about twice as often as required in the protocol, thereby enhancing the value of the phone consultations. In addition, uploading of data was consistent and did not diminish over time suggesting subjects found the experience rewarding. It is not known, however, if this frequency of uploading persisted beyond the study timeframe. In some institutions it is becoming standard practice to offer telemedicine. Tildesley et al 22 reported that significant improvements in HbA1c were seen in patients who frequently uploaded data and received endocrinologist feedback by email. We did not observe a difference in HbA1c between frequent or less frequent uploaders to OTR, perhaps as a result of the high overall compliance to uploading in our subjects. Recent reviews 4, 23 have highlighted the difficulty faced by patients and HCPs to manually detect and interpret patterns. Furthermore, clinical patterns of low BG may predict increased risk of severe hypoglycemia in the following 24-hour period. 24 Algorithms within OTR and OTV automatically identify low and high glucose patterns. Not surprisingly, the majority of low patterns were detected in subjects with T1DM, consistent with their higher testing frequency and possibly wider daily glycemic excursions. We previously studied this algorithm in T1DM subjects on MDI therapy 25 and found that the average number of high patterns correlated with higher baseline HbA1c, whereas low patterns correlated with lower baseline HbA1c. However, this association was not found in the present study, primarily because we had a mixed population with more variable SMBG frequency, unlike the study in MDI subjects in which structured testing (≥6 tests/day) was mandated.
It remains unclear which factors predispose patients to accept mobile health technologies or predict whether individual patients might continue to invest time in a given system. Lau et al 26 examined the impact of online patient portal usage on glycemic control among patients newly referred to a diabetologist. Factors potentially adversely affecting portal use included level of health literacy, diabetes knowledge, and familiarity with internet technologies. Interestingly, although our subjects reported a lack of previous experience and/or interest in using diabetes software to manage their condition, they nevertheless responded favorably to OTR. Similarly, Glasgow et al 27 found improvements in behavioral change associated with an internet-based program in 463 T2DM patients were not associated with education, computer experience or health literacy.
The increasing burden on resources of managing diabetes requires more flexible delivery strategies. In our study, real time access to OTR enabled HCPs to offer remote consultations to provide evidence-based insights and therapy recommendations. Using methodology similar to our study, Zhou et al 28 observed improved HbA1c in patients with T2DM conducting 2 weekly uploads of SMBG data to an Internetbased system over 3 months, and concluding that where access to a medical center was more difficult, a significant reduction in face-to-face visits could save time and community resources.
Conclusion
The OT Reveal web application in combination with the OT Verio meter enabled subjects with T1DM and T2DM to effectively manage their diabetes and improve glycemic control. Real time access to OTR enabled HCPs to deliver remote consultations and enhanced the conversation during traditional face-to-face consultations. In future, OTR could minimize the need for face-to-face visits for some patients, thereby reducing time and cost associated with delivery of health care.
Abbreviations
AHA, anti-hyperglycemic agent; BG, blood glucose; BGM, blood glucose monitor; HbA1c, hemoglobin A1c; HCP, health care professional; OTR, OneTouch Reveal; OTV, OneTouch Verio; SD, standard deviation; SEM, standard error of the mean; SMBG, selfmonitoring of blood glucose.
